The secondary interactions bonded crystal structure of p-phenylenediammonium tetrachloromercurate(II) has been studied by X-ray diffraction techniques and hyper-Raman Tensor studies. The tetrahedra hybrid structure exhibit two dimensional interwoven inorganic-organic layers mingle through N-H...Cl hydrogen bonding interactions. Organic layers are squash-in between Cl...Cl halogen bonded inorganic layers in p-phenylenediammonium tetrachloromercurate(II) with Cl...Cl distance = 3.628(3)Å and Hg-Cl...Cl=157.8(9)⁰. H2A atom is shared by two chlorine atoms [Cl1 and Cl3] and thus acts as bifurcated hydrogen atom with bifurcated hydrogen bond angle of 93.98(6)⁰. The antiparallel zig-zag bilayer inorganic-organic pattern present the pphenylenediammonium tetrachloromercurate(II) into two-dimensional pattern along the ac-plane. The nearest centroid-centroid distance [3.86(4)Å] depicts that the contact is outlying to have any π...π interactions and the nearest hydrogen to centroid distance [2.82(3)Å] contributes to stability of crystal structure through C-H...π interactions. The initial Hyper-Raman tensors were calculated through polarization selection rules by using crystallographic Wyckoff positions.
Introduction
The study of hybrid organic-inorganic materials is a recent but very fruitful and prolific enterprise 1 . The organic-inorganic hybrids are the materials that combine desirable physical properties of both organic and inorganic components within the single composite 2 . These hybrids are of interest due to their self-assembled organic-inorganic layered structures which causes variation in their structural, magnetic, optical and electrical properties, particularly since these can be modified by replacement of the metal, halide or amine [3] [4] . The desire to design rationally technologically useful solid-state materials has led to a recent surge of interest in the concept of crystal engineering [5] [6] [7] , a cross disciplinary area that necessarily involves chemists (synthetic, physical, computational, theoretical and analytical), crystallographers and physicists and is of particular relevance to materials scientists. Ab-initio prediction of crystal structures on purely theoretical grounds is not yet feasible 8 ; RESEARCH ARTICLE however, our ever growing understanding of the nature of intermolecular interactions and molecular recognition processes is providing the background knowledge that makes crystal engineering both a realistic and ultimately an achievable goal.
In recent years, the design and synthesis of metal-organic frameworks (MOF) based on the assembly of suitable and rigid building blocks have attracted great attention [9] [10] [11] [12] [13] [14] . The design of polymeric coinage d 10 metal complexes with fascinating structures has also received much attention [15] [16] [17] [18] [19] , indicating in some studies that direct metal-metal interactions are among the most important factors for the manifestation of such structures. Between closed-shell species, no strong attractions are expected and, in fact, two closed-shell metal cations will normally repel each other. However, in the case of some coordination compounds, metal-metal attractions, also called 'metallophilic' interactions, are present. These interactions have strengths similar to typical hydrogen bonds 20 .
A very large number and variety of intermolecular interactions have been used in crystal engineering. Most notable among such interactions are hydrogen bonds. The hydrogen bond is especially important because it is strong and directional 21 . Therefore it is a very effective design element in crystal engineering. A very large variety of hydrogen bonds are known. In addition to the stronger variety such as O-H⋅⋅⋅O and N-H⋅⋅⋅O there are weaker varieties like C-H⋅⋅⋅O, N-H...Cl, C-H⋅⋅⋅π and other varieties that incorporate metal atoms, multiple atom acceptors and other donor and acceptor groups of very feeble effectiveness 22 . These hydrogen bonds have a greater or lesser effect on the outcome of the final crystal structure. Other interactions that have become popular in recent times include halogen bonds in which an electrophilic halogen atom plays the same role as the hydrogen atom does in a hydrogen bond 23 . Interactions between halogen atoms such as Cl⋅⋅⋅Cl, Br⋅⋅⋅Br and I⋅⋅⋅I are special cases of halogen bonding [24] [25] [26] . It has become obviously clear that halogen…halogen interaction could very well be utilized as a design element of hybrid materials in crystal engineering. As a part of our ongoing research on crystal engineering of hybrid materials [27] [28] [29] [30] , the title material has been analyzed.
Experimental

Single Crystal Growth
The synthesis of this hybrid material has been carried out by using the following reaction scheme: HgCl 2 + 2RNH 2 + 2HCl → (RNH 3 ) 2 HgCl 4 R → p-Phenylenediammonium Generally, the ratio of metal halide to monoamine to acid halide is 1 to 2 to 2. The two most successful techniques for growing crystals are solution growth (SG) and slow cooling (SC) 31 . All compounds have been obtained commercially and used without further purification.
The compound of p-Phenylenediammonium tetrachloro mercurate(II) has been prepared by adding 0.092g of HgCl 2 and 0.102g of p-phenylenediammonium in 5 mL of HCl. The complete dissolution has been obtained after refluxing at 95⁰C for 12 hours. Slow cooling over 48 hours produced the crystals. A colourless crystal of size 0.35 x 0.20 x 0.15 mm has been mounted on a glass fibre for X-ray diffraction data.
The compound of p-phenylenediammonium tetrachloromercurate(II) has been prepared by adding mercuric chloride [0.092g] and p-phenylenediammonium [0.102g (0.333 mmol)] into a glass sample vial and 5 mL of hydrochloric acid [33% HCl] has been added in the vial. Precipitates have been formed and solution hasn't been dissolved at room temperature even being submersed in an ultrasound bath.
The vial has been heated in oil bath that is controlled by a programmable temperature controller. The oil bath has been heated up to 95 o C and then held constant at that temperature for 12 hours, until all the precipitates dissolved. 
Structure analysis
Single crystal X-ray crystallographic techniques have been employed for the crystal structure determination and refinement. Morphologically perfect single crystal has been selected for the three-dimensional X-ray diffraction data by using X-calibur CCD Diffractometer. The structure determination has been carried by SHELXS program 32 whereas the least-squares refinement has been contemplated by using SHELXL program 33 for the precise values of R-factor [0.0551].
All the non-hydrogen atoms of the molecule have been located from E-map. The positional and thermal parameters of non-hydrogen atoms have been refined anisotropically. All the hydrogen atoms included in the final cycles of the refinement have been constrained to ride on their parent atoms, with U iso (H) = X U eq (parent), where X=1.5 for methyl and 1.2 for all others. Constrained distances were O-H=0.82Å, N-H=0.91Å and C-H=0.95Å. The crystal data for the compound has been presented in Table 1 . Atomic coordinates and equivalent isotropic displacement parameters for p-phenylenediammonium tetrachloro-mercurate(II) has been shown in Table 2 and powder diffraction pattern depicting the peak intensity is shown in Figure 2 . The 3D view depicting the atomic numbering scheme of compound is presented in Figure 3 . 
Results and Discussion
The molecular geometry and atomic numbering schemes employed for pphenylenediammonium tetrachloromercurate(II) are illustrated in Figure 3 . In solid state, p-phenylenediammonium tetrachloromercurate(II), self-assemble into structures consisting of alternating organic layers, made up of p-phenylenediammonium and inorganic layers made up of tetrachloromercurate. The X-ray diffraction structure analysis of a single crystal of compound pphenylenediammonium tetrachloromercurate(II) revealed that the inorganic part of the structure contains four chlorine atoms annexed with mercury to form a tetrahedron, in which all the Hg-Cl bond lengths are different [Hg-Cl(1)=2.765(2)Å, Hg-Cl(2)=2.662(2)Å and Hg-Cl(3)=2.397(2)Å and Hg-Cl(4)=2.401(2)Å] ( Table 3) . Scatter Plot of Hg-Cl bond distances. The minimum distance between Hg-Hg atoms is 4.404(1) Å which is more than sum of van der Waals radii of two 20 Hg, 3.50(7) Å. Hence, there is no metallophilic Hg...Hg interaction in this compound as proposed by Das et al., 34 .
One of the main cohesive forces responsible for molecular arrangements of halogen derivatives is the pattern of halogen...halogen intermolecular interactions, and in pphenylenediammonium tetrachloromercurate(II), there is Cl4...Cl4 halogen interaction with d = 3.628(3) Å. The Cl4...Cl4 halogen interaction is weak halogen interaction because sum of van der Waals radius of chlorine atom is 3.6Å 35 . The phenyl ring bond distances and angles are quite comparable with the literature values. The planar ring conformation of phenyl ring has been observed by the skeletal torsion angles having values within 1.15⁰. The Hydrogen-bonding geometry for p-phenylenediammonium tetrachloromercurate(II) has been shown in Table 4 . Symmetry points:
There are two linear hydrogen bonds are formed through H2B and H2C with Cl3 and Cl2 at symmetry positions (-0.5+x,-0.5+y, 1+z) and (0.5-x, 0.5-y, 1-z), respectively (Table 4 ). From the inorganic part of hybrid structure, it has been observed that Cl4 atom is not involved in any hydrogen bonding in contrast to other three chlorine atoms (Cl1, Cl2 and Cl3) , whereas there is an interesting phenomenon of Cl4.. 
IR and Raman activity
The IR, Raman and Hyper-Raman tensors were calculated for the hybrid materials by using crystallographic computing programs 36 in which selected Wyckoff positions are chosen based on the crystal structure data. The initial Hyper-Raman tensors were calculated by selection rules.
We compute the relative intensities of the hyper-Raman (HR) lines of this as a function of the scattering geometry and from our data we deduce relative values of the HR tensor elements. We interpret the parameters ∂χ(2)ijl/∂um(κ) in terms of a nonlinear bondpolarizability model and confirm the dominant role of the such hybrid materials in the nonlinear-optical response. It shows that the hyper-Raman tensors would be useful as a method for studying the band structure in solids through spectroscopic methods 37 .
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Conclusion
It can be concluded that in p-phenylenediammonium tetrachloromercurate(II), the inorganic layers are arranged in zig-zag anti-parallel pattern down b-axis ( Figure 5) and are connected to one another through Cl...Cl hydrogen bonded interactions. This phenomenon is quite common in Hg based hybrid materials as shown in Figure 6 and hence is considered as an important tool stabilizes the crystal structure of desired properties in crystal engineering. Raman spectroscopy is a powerful technique that, in recent years, has been successfully coupled to x-ray crystallography to study the structural parameters in materials. In this paper the complementarily between both techniques is illustrated at structural interpretation with a mechanistic perspective. Such developments have the potential to enhance the relation between crystallographic orientations and Raman tensors which can interpret the combined time-resolved x-ray and Raman crystallographic experiments. 
